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(54) Methods for producing L-aspartic acid crystals 

(57) This invention relates to a method for producing 
L-aspartic acid connprising treating an ammon ium f uma- 
rate solution with aspartase to generate an amnnonium 
L-aspartate solution; adding fumaric acid to the solution; 
and then crystallizing L-aspartic acid fronn the solution, 

wherein fumaric acid is added to the ammonium L- 
aspartate solution after the solution has been heat- 
ed to 50 to 1 30°C in an amount 0.4 to 0.8 times the 


total amount of fumarate and the L-aspartate con- 
tained therein in terms of mole, and the resultant 
mixture is once turned into a homogeneous solution 
by applying thereto a shearing force, and then L- 
aspartic acid is deposited therefrom, or 
wherein the solution is cooled at a rate of 0.1-5**C/ 
min from the temperature at which fumaric acid is 
added thereto to the temperature at which crystal- 
lized L-aspartic acid is separated therefrom, to 
thereby deposit L-aspartic acid. 
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D scription 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to methods for producing crystalline L-aspartic acid from fumaric acid using 
aspartase. 

BACKGROUND OF THE INVENTION 

10 [0002] Japanese Unexamined Patent Publication No. 48-56618 discloses a method for depositing and recovering 
D, L-aspartic acid by adding fumaric acid to a disodium D.L-aspartate solution. In this method, disodium fumarate and 
greatly excessive ammonia are chemically reacted to generate D, L-aspartic acid. After removal of excessive ammonia, 
fumaric acid is added to the reaction solution to thereby deposit the D,L-aspartic acid, which is then separated from 
the solution. 

15 [0003] In this case, the solution to which fumaric acid is added is a disodium D,L-aspartate solution, and the filtrate 
obtained by adding fumaric acid to this disodium D,L-aspartatG solution and then separating D,L-aspartic acid therefrom 
is a disodium fumarate solution. It is disclosed that the same reaction is repeafed usinc-this filtrate after addition of 
greatly excessive ammonia in relation to the amount of fumaric acid. 

[0004] Usually, when L-aspartic acid is produced from diammonium fumarate using an enzyme, the amount of am- 
20 monia required is at least 1 time the amount of the raw material fumaric acid in terms of mole. In order to incline the 
equilibrium of reaction toward L-aspartic acid, usually ammonia is used 2 to 2.3 times the amount of fumaric acid in 
terms of mole. The optimum pH of aspartase, an enzyme which catalyzes this reaction, is around 8.3. In a pH range 
which is much higher than this value, various problems occur such as decrease of the enzyme activity or denaturation 
of the enzyme. Although greatly excessive ammonia is added to the disodium fumarate solution and used in repeated 
25 reactions in the method of Japanese Unexamined Patent Publication No. 48-56618, It is not possible to use greatly 
excessive ammonia in an aspartase enzyme reaction. 

[0005] The pH of disodium fumarate solution (1 .72 mol/l) is 8.4. However, when equimolar ammonia is added thereto, 
the pH of the resultant solution is 1 2. 1 at 30°C. Aspartase will be denatured at such a pH level. Thus, ammonia cannot 
be used in enzyme reactions using aspartase. 
30 [0006] Japanese Patent No. 2524306 discloses a method for depositing and recovering L-aspartic acid by adding 
fumaric acid to a monoammonium L-aspartate solution. In this method, a diammonium fumarate solution is converted 
into a monoammonium L-aspartate solution by the action of aspartase, and then fumaric acid is added thereto to deposit 
L-aspartic acid. After separation of the crystals, ammonia is added to the filtrate, which is then recycled in the subse- 
quent reaction. 

35 [0007] In the above method, a salt exchange reaction between L-aspartic acid and fumaric acid is performed by 
adding fumaric acid to the monoammonium L-aspartate solution under heterogeneous conditions in which fumaric acid 
crystals and/or L-aspartic acid crystals are constantly present Since dissolution of fumaric acid and crystallization of 
L-aspartic acid occur simultaneously In this method, when L-aspartIc acid is deposited as crystals, these crystals grow 
using undissolved fumaric acid crystals as a crystal nucleus. This has caused a problem that the mixed fumaric acid 

40 decreases the purity of the resultant L-aspartic acid. Furthermore, since fumaric acid is mixed In the resultant crystals 
as a crystal nucleus, it cannot be removed efficiently even if various washing operations such as resuspension of the 
crystals are carried out. In addition, the crystals deposited by this method are extremely small (several micrometers 
In size) and thus difficult to handle. 

[0008] As described above, in the method for crystallizing L-aspartIc acid by adding fumaric acid to an ammonium 
45 salt of L-aspartic acid, no effective method has been found to date in which L^sparlic acid crystals are deposited from 
a reaction solution after the solution has been made completely homogeneous. 

OBJECTS AND SUMfVIARY OF THE INVENTION 

50 [0009] It is an object of the present invention to solve the problems described above and to provide a method for 
producing crystalline L-aspartic acid of higher purity using aspartase. 

[0010] As a result of intensive and extensive researches toward the solution of the above problems, the present 
inventors have found that the purity of resultant L-aspartic acid crystals can be improved if fumaric acid is added to a 
preheated ammonium L-aspartate solution and once dissolved homogeneously prior to the deposition of L-aspartic 
55 acid. 

[0011] Briefly, an ammonium fumarate solution is converted into an ammonium L-aspartate solution by the action of 
aspartase. This solution is heated to 50 to 1 SC'C. Fumaric acid is added thereto in an amount 0.4 to 0.8 times the total 
amount of fumarate and L-aspartate contained therein in terms of mole, and agitated. Then, the fumaric acid is imme- 
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diatelv dissolved and a homogeneous, crystal-free solution can be obtained. When this solution which has once become 
So eots s lett standing or cooled, it is possible to deposit L-aspartIc acid crystals alone. As to t e c,,sta, forrr,, 
! Talso possible to obtain needle-like crystals 100-1000 in average length by the above procedures. 
0012 Thu Tthe arr^rr^oniurr, L-aspartate solution is preheated, fumaric acid added thereto -^^I^^^T^Z 
[o yield a homogeneous solution. As a result, the contamination ol L^sparfc acd crystals with lumanc acd crystals 

[0013] ' The tventors have also found that the purity of resultant L-aspartic acid crystals can be improved i^after the 
addition of fumaric acid to an ammonium L-aspartate solution, L-aspartic acd ,s deposited by cooling the solution at 

[0014]°' ?t l^s ITndthaTJSy pure L-aspartic acid crystals can be obtained by those methods. Thus, the present ' 
invention has been achieved. 

[0015] The present invention encompasses the following inventions. 

(1) A method for producing L-aspartic acid comprising treating an diammonium fumarate solutiori with aspartase 
ogener^^^^^^^^^^^^^ 

ac?d frl s^d so7ion, wherein fumaric acid is added to the ammonium L^spartate solution after the solution has 
reenhratedto50to130»Cinanamou 

therein in terms of mole, and the resultant mixture is once turned into a homogeneous solution by applying thereto 
a shearina torce and then L-aspartic acid is deposited therefronn. 

?2 The methSfot (1 ) above, wherein the temperature of resultant suspension containing L-aspartic acid cn^stals 
s in the ranqe from 25 to 100°C when the deposited L-aspartic acid is separated therefrom. 
r3Trer^eSof(1)above. wherein theho^ 

(4) The method of (1) above, wherein moisture<ontaining fumaric acid crystals and the ammonium L-aspartate 

:5TT"mTo?:?(Ta^^^^^ 

f umaric acid is added thereto to the temperature at which crystallized L-aspartic acid -s separated therefrom, to 

lerT^rmToiof^^sTabovf wherein the cooling is performed by evaporating water under reduced pressure, 
condensing the evaporated water by cooling through a condenser; and returning the condensed water to a reactor 
for L-aspartic acid crystallization or removing the condensed water. 

(7) The method of (6) above, wherein pressure reduction at the time of cooling under reduced P^^"'^ P^' 

at a rate of 1 -20 torr/min from a range of pressure 1 0-200 torr higher than the vapor pressure at which the solution 

to be cooled begins to boil. 

18) The method of (1) above, v^erein the crystallizing step is performed by a continuous method. 

(qI The methS of (1) above, wherein a said ammonium fumarate solution is prepared from a mother liquor from 

which L-aspartic acid crystals have been removed. 

n 0) A method for producing L-aspartK= acid comprising treating an diammonium fumarate solution with aspartas 
ZnGrateanamLniumLaspartatesolution;addingfumaricacidtothesolution;andthencrystallizingL^^^^ 

acfdfrSrsoiLn, Wherein t'hesoim^^^ 

add is added thereto to the temperature at which crystallized L-aspartic acid is separated therefrom, to thereby 

?fl7Tte^mS of above, wherein the solution from which L-asparlic acid is deposited is a homogeneous 

n'^TThe method of (10) above, wherein the cooling is performed by evaporating water under reduced pressure; 
condensing the evaporated water by cooling through a condenser, and returning the condensed water to a reactor 
for L-aspartic acid crystallization or removing the condensed water 

(13^ The method of ( 2) above, wherein pressure reduction al the time of cooling under reduced pressure s per- 
,orr!.Id at att^of 1 20 torr/min from a range of pressure 10-200 torr higher than the vapor pressure at which the 

nT^hVL'th^of^lS)'^^^^^^^^ 

which L-aspartic acid crystals have been removed. 

[0016] The first invention of the present application is a method for producing L-aspartic acid ^^"JP^^^^ 
diammonium fumarate solution with aspartase to generate an ammonium L-aspartate '^^ff '"^ 
the solution; and then crystallizing L-aspartic acid from said solution, wherein fumaric acid ,s f ° '^^^^"^^'^ ^, 
L-aspa.1ato solution after the solution has boon heated to 50 to 1 30°C in an amour, 0.4 to ^7°^"^ 
of fumarate and the L-aspartate contained therein in terms of mole, and the resultant mixture once turned into a 
homogeneous solution by applying thereto a shearing force, and then L-aspartic acd is deposited therefrom. 
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[001 7] The second invention of the present application is a method for producing L-aspartic acid comprising treating 
an diammonium funnarate solution with aspartase to generate an amnnonium L-aspartate solution; adding fumaric acid 
to the solution; and then crystallizing L-aspartic acid from the solution, wt^ierein the solution is cooled at a rate of 0. 1 -5'C 
/min from the temperature at which fumaric acid is added thereto to the temperature at which crystallized L-aspartic 
acid is separated therefrom, to thereby deposit L-aspartic acid. 

[0018] As to the aspartase used for the present invention, a transformant containing a transferred aspartase gene 
or such a transformant treated and immobilized may be used. 

[0019] In the above-described method in which a liquid mixture of diammonium fumarate and ammonium L-aspartate 
containing 5-25% of fumarate and L-aspartate (as calculated for fumaric acid) is fed to a reactor containing an immo- 
bilized aspartase having activity of 250 U/ml or more, the liquid feeding rate is preferably in the range from 2 to 25 in 
terms of LHSV (liquid hourly space velocity). 

[0020] In the present specification, the following terms have the following meanings: 
[0021] 1 U means production of l^imol of L-aspartic acid/mln/ml Immobilized enzyme 
[0022] LHSV (liquid hourly space velocity) means liquid fed (ml)/catalyst packed (ml)/hr 

[0023] Specific examples of immobilized aspartases useful in the present invention include one which is prepared 
by immobilizing cells or a material obtained from treated cells on an ion exchange resin as a carrier by adsorption or 
coating with a polymer. 

[0024] More specifically, an immobilized aspartase prepared as described below may be used. Briefly, a spherical 
styrene-divinylbenzene copolymer ion exchange resin is selected as an immobilization carrier. A polymer represented 
by formula (1): 


CH:--CH CHCHi-Y 


(I) 


(wherein Y is a direct linkage or a divalent group represented by one of the formulas below; and R2 are 
independently hydrogen or an organic residue; X© is an anion; and n is an integer from 100 to 5000) 


0 
II 

1! 
0 


or 


CH — 

1 

COOH 


— CH- 

1 

COOH 


is mixed with cells or a material obtained from treated cells. Then, this mixture is coated on the surface of the spherical 
styrene-divinylbenzene copolymer ion exchange resin for immobilization. 

[0025] in formula (1) above, specific examples of the organic residue represented by or include alkyi groups 
with 10 or less carbon atoms such as methyl, ethyl, n-propyl, isopropyi, n-butyl, isobutyl and tert-butyl. Particularly 
preferable is methyl. Further, an organic residue having a substituent such as halogen or hydroxyl may also be used. 
Specific examples of such organic residues include 4-chloro-2,2-dlmethylpentyl, 3-ethyl-2,5-dichloroheptyl and 2-hy- 
droxy-3,5-dimethylnonyl. Preferably, 3-chioro-2-hydroxypropyl may be used. As to the anion, a halogen ion such as 
F', CI", Br and I' may be used, for example. 

[0026] This specification includes part or all of the contents as disclosed in the specifications and/or drawings of 
Japanese Patent Application Nos. 10-278571 and 10-278579, which are priority documents of the present application. 


BRIEF DESCRIPTION OF THE DRAWINGS 


[0027] Fig. 1 shows an outline ot a specific apparatus for propanng a homogeneous solution using a continuous 
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TatX) is a Idenser, (J) is a receiver, (K) is a slurry<irawlng out vessel in which the pressure ,s reduced to 30 
torr in advance, and (L) is a thermostatic bath (100 ^^C) 


HFTAILED DEf^ORlPTlON O F THE INVENTION 

rnnsQl Herelnbelow the present invention will be described in detail. . u i ^t^^ f^r 

fS ?h Tnzyr ontairiing riaterial with aspartase activity for use in the present Invention nnay be selected for 
xam let om theTo owing materials: cells of a microorganism such as EscMOct^ c^O. a bactenum be ong,ng to he 
re^s iibact™ or Pseudomonas that is known to have high aspartase activrty; disrupted cells o1 such a micro 

. r^hrinvS hese materials may be used. For a purpose of enhancing productivity, rt is preferable to use, 
f/cet « aSe S coli'cells which have been transformed with an aspartase gene-Incorporating 

frnm such cells mav also be used in an immobilized form. 

00^21 As7c.^Sr for immobilization, a natural polymer such as cellulose, alglnic acid, carrageenan, man nan gel, 
ISiSr*!" obllizoc, a.pa«as= p,=pared has a p,«au™ «>s. and a ».a,, d«u.i»- .<,«anoc .Inc. 

Sa, Lgi ". sulWa), a n^gn,*™ «lt (e g. m,gn„i™ chlond., magna*™ »l,a.a, „ a cobal, s.l. « a 

:rrrrr:a^ats.?o:^^^^^^^ 

preferable. When an immobilized aspartase prepared by mixing a polymer represented ^ '^J^^^^^ ' jj^^^,^^^ 
S cells which have been transformed with an aspartase gene-incorporating plasmid and have acquired an ability to 
ss f^Te:r:^ZT:L.X o. aspartase, and coating the above-mentioned ^'vrene-diviny« oo^^^^^^^^^ 
exchange- resin with the resultant mixture Is used In such an apparatus, a reaction can be performed at a 1'^"';^ J^^^^j^g 
rate of LHSV = 2-25 When conventional E coh cells are used in an Immobilized form, it '^/ff^^'Y O Prolong he 
reacl^me or reduce the liquid feeding r^e since such cells have rather low aspartase activrty In contrast, since the 
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transformant-immobilized aspartase described above has very high activity, a sufficient conversion ratio can be 
achieved even at the above-mentioned liquid feeding rate. As to the reaction temperature, preferably the lower limit is ,., 
10 °C because the reaction rate decreases at low temperatures. The upper limit is preferably 50 °C because aspartase . 
is deactivated at high temperatures. More preferably, the reaction is performed at 1 S-AO'C. 
5 [00381 Under the above-described conditions, an ammonium fumarale solution is subjected to an enzyme reaclion 
usinq aspartase to thereby convert the above solution into an ammonium L-aspartate solution. Although higher con- 
version ratios are desirable, a ratio around 90% will be sufficient for the subsequent crystallization of L-aspartic acid 
even if not reaching the equilibrium. , .■ ■ i, t„^,„rn=rnr 

r0039] Then, in the first invention of the present application, the thus obtained reaction solution is heated to 50 C or 
10 above There is no definite upper limit temperature for this heating. However, around 1 30 »C at which no problems 
such as quality change of the reaction solution occur should be made the liml If the temperature of the heated reaction 
solution is too bw, fumaric acid to be added thereto will not dissolve homogeneously and L-aspartic acid crystals 
contaminated with fumaric acid crystals will deposit, reducing the purity If the temperature of the heated solution is 
much hiqher than IX "C, the quality of the solution will change or it will become necessary to use a highly pressure 
15 resisting apparatus. Subsequent^, fumaric acid is added to the heated reaction solution. As to the amount of this 
fumaric acid in relation to the total amount of fumaric acid and L-aspartic acid contained in the reaction solution, the 
lower limit is 0 4 times or more, preferably 0.45 times or more, and the higher limit is 0.8 times or less, preferably 0.6 
times or less, in terms of mole. If the amount of addition is below 0.4 times in terms of mole, the amount of L^spartic 
acid which can be separated as crystals will become small. If the amount of addition is above 0.8 times in temis of 
20 mole, the added fumaric acid will not dissolve homogeneously and the resultant L^spartic acid will be contaminated 
■ * with fumaric acid or a salt thereof, reducing the purity of the L-aspartic acid. 

[00401 The fumaric acid to be added may take any of the following forms: dry ciystals, moisture<ontaining crystals 
aqueous suspension or the like, Considering a burclen for a process, in particular, dry crystals containing below 0.5 Vo 
of water are advantageous. Since they make a burden smaller in concentrating a filtrate which is left after separation 
25 of crystals. Considering convenience for handling, in particular, moisture-containing crystals are advantageous. Since 
they do not contain dust and they are easily mixed with the heated reaction solulbn, the time required for dissolution 
can be made shorter As to the moisture content of such moisture-containing crystals in relation to the moisture^on- 
taining crystals, the lower limrt is preferably 0.5% by weight or more, more preferably 3% by weight or more, and the 
higher limit is preferably 40% by weight or less, more preferably 1 0% by weight or less. If the moisture content is below 
0 5% by weight, there will arise a possibility that fumarb acid dust may occur. If the moisture content is above 40 A by 
weiqht it will become difficult to handle such crystals as powder Use of aqueous suspension of fumaric acid is pref- 
erable from the viewpoint of industrial production since it can be added to the reaction solutbn with a pump as a slurry. 
As to the moisture content of such aqueous suspensbn of fumaric acid in relation to the amount of fumaric acid, the 
lower limit is preferably 50% by weight or more, more preferably 60% by weight or more, and the h igher limit is Preferab y 
200% by weight or less, more preferably f 50% by weight or less. If the moisture content is below 50% by weight, fluidity 
will decrease and thus it will become difficult to add such a suspension with a pump as a slurry. If the moisture content 
is above 200% by weight, the amount of water to be condensed during the recycling of the reaction solution will increase. 
Prior to addition it is preferable to heat moisture-containing fumaric acid crystals or aqueous suspension of fumaric 
acid to the same temperature as that of the heated reaction solution described above. This facilitates the dissolution 
40 of fumaric acid in the reaction solution. i,„„„orw<,H 
[00411 In the first invention of the present application, to the reaction solution to which fumaric acid has been added, 
a shearing force is applied at 50 to 1 30°C to allow dissolution of the fumaric acid. Specifically, a shearing force can oe 
applied thereto by strongly agitating and mixing the solution. By this operation, the reaction solution is turned into a 
homogeneous solution in which neither fumaric acid crystals nor L-aspartic acid crystals are present. As to the method 
45 for applying a shearing force, a batch-type agitation vessel or a continuous mixing tube may be used, lor example. As 
a continuous mbcing tube, a line mixer such as a static mixer is preferable. The time required for mixing and dissolution 
is approximately 0.1 to several seconds for a line mixer, whereas the time is approximately 1 to 10 minutes for an 
agitation vessel. When an aqueous suspension of fumaric acid is used in the addition of fumaric acid, it is preferable 
to use an apparatus as shown in Fig. 2 since continuous dissolution can be carried out with such an apparatus. 
so [00421 Upon dissolution of the fumaric acid, the temperature of the reaction solution is preferably retained or 0.1 
second to 1 hour In some cases, L-asparlic acid crystals begin to deposit by this operation. At this time, the mole ratio 
of (fumarb acid + L-aspartb acid) : ammonia is 1.1:1 to 1.8:1 . The amount of ammonia is less than the amount nec- 
essary to neutralize L-aspaitb acid and fumaric acid. Under such conditions, fumaric acid coastals and L-aspartic acid 
crystals are not completely neutialized with ammonia. Therefore, under conventional conditions, they do not dissolve 
55 completely. As fumarb acid dissolves, L-aspartb acid whbh is dissolving by forming a pairing salt with an ammoriium 
ton is deprived of the ammonium ion by fumaric acid and begins to deposit as L-aspartic acid crystals. However, rl the 
reaction solutbn is preheated and the dissolution of added fumaric acid is performed rapidly a homogeneous solution 
in which neither fumaric acid crystals nor L-aspartic acid crystals are present can be obtained. Further, the purity of L- 
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aspartic acid to be deposited later can aiso be improved by the above operations. ,h™,n^A 
foo43 The deposition of L-aspartic acid crystals can be perforrr^ed by allowing to stand or cooing ^^^ ^^^^-^^^ , 
Sd reactbn solution under agitation. These operations can bo P-j^-^'^^V "^^^^^^^^ 
oDsrations may be performed as follows. First, 1 L of 23% ammonium L-aspartate solution (pH 8.5 at 25 C) .s heated 
to 9?-C Fumaric acid (100 g) is added to this solution and agitated strongly Then, the solutior, once becomes a 
homoqeneouT solution Whan his solution is allowed to stand under agitation, a small amount of L-aspart,c ac d m,- 
rys™g n to deposit In about 3 minutes and the solution becomes translucent When agitation is contnued 
^rhertrsominutes, thedeposition Of L-aspartk: acidcrystals 
When this solution is cooled further, L-aspartIc acid crystals deposit in large quantity. 

r00441 In another embodiment of the invention. 1 L of 23% ammonium L-aspartate solution pH 9.5 at 25 C) is 
^.Zl to °C Fumaric acid (100 g) is added to this solution and agitated strongly. Then, the solution once becomes 
himcieneous sS^. do not deposit even when this solution has been allowed to stand for 30 minutes 

^ndeTSatbn When this soltion is cooled, it becomes translucent at around 83 " C and L-aspartic acid microcrystals 
beoin to deposit When this solution is cooled further. L-aspartic acid crystals deposit. on 
OoTs nTe econd invention of the present application, as to the cooling rate at this time lower hm .^^ C 
rnin o more preferably 0 2 °C/min or more, and the higher limit is 5 'C/min or less, preferably 3 "CAnin or loss. If the 
rets fas L; thanT"C/min, not only the purity of deposited L-aspartic acid will decrease but also the crystal size will 
lome^^« handling difficult' If the cooling rate Is slower than 0.1 »C/min, it will take a long tirne for 

corg to iko the productivrty worse. If necessary, the cooling rate can be regulated, as long as it is in the range 

SrAfa method for cooling th* reaction solution, usually, a method using an agrtation vessel is employed. For 
example a meThod in which the solution is cooled in a jacket; a method in which water is vaporized under reduced 
p ess?re condensed in a condenser, and returned to an agitation vessel or removed, to ll^-^^^.^^-^^^V^S 
of the Tea of evaporation; and the like may be used. In particubr, the method of cooling by deprivation of thereat of 
Vaporization is industrially advantageous because L-aspartic acid crystals do not adhere to cooled surfaces and, thus, - 

s 1 to r/min or more, preferably 2 torr/min or more, and 20 torr/min or less, preferably 10 torr/min or less. ITiis pressure 
elStartsfromtLpressLewhichishigherthanthevaporpressureatwhichthef^ 

to boil, by 10 torr or more, preferably 50 torr or more, and 200 torr or less, preferably 100 tc^. or less . Hhe rate^o 
pressure reduction is slower than 1 torr/min, a long time will be required for cooling. If the rate is faste than 20 torr/ 
m'n bumS of the fumaric acid^dded solution may occur and the size of the deposited crystals wHl become too 
s^a^ Zen als^^s become too small, the crystal size may bo as small as several micrometers. This will make 

or loss more preferably B0"C or less, most preferably 60°C or less. After completion of this cooling, the liquid 
s^rol rrerainod'at that temperature for 1 minute to 1 hour to thereby --P;oto the dopc^ition o L-aspar^c ac, 
crvstals The form o1 the thus deposited L^spartic acid crystals is mainly a noedle-iike form 30-1000 nm in average 
LS. w!,enS are sublected io filtration, liquid passes through them quickly Thus, their purity can be improved by 

" S Ts'roirjSTor separating deposited L-aspartic acid c^stals, a conventional method -oh as vacuum 
Sn or centrifugal filtration may be used. Preferably, centrifugal filtratbn which can .educe the moisture content o 
Ss is use^ cen ugal filtrat on can reduce the moisture content of separated L-aspartic acid crystals to abou 
53oSthLitheresultsvarydopendingonthecapacityofacentrifuge^ 

m ^ThrSparated L-aspartic acid crystals are washed with water if necossa^. If v^shing is pe^";;;^.^^ 
purity of the L-aspartic ackJ will be 98-99% by weight. By washing, the amount of fumaric acd ^-^^ ^l^'^^V L- 
a'Dart^ acid cn^s^als can be reduced, and the purity of the resultant L-aspartic acid crystals can be made 99 /o by 
wlh o^^^^^^^ Thus, K is preferable to perform washing. However, considering reuse of the mother liquor 

:TZZy:ZTllee. removed, it is not desirable to wash crystals with a large ^^^^^l ^l^^; 7^--- 
of washing water used is 2% by weight or more, preferably 4% by weight or more, mo.e preferably B A. by weight or 
moTe aSot by weight or less, preferably 100% by weight o, less, more preferably 50% by weight or less, ,n .elation 

L homogeneousl-^dissolved solution, or a liquid in which crystals have partially began to deposit into ^o^^^ u^ ^^ 
slurn, vessel the emperaturo of which is proadjustod to a scheduled temperature at the completion d ciystd lization 
^thereby a ow the growth of L-aspaitic acid crystals in the crystallization slurry vessel. In this ca^e^'h- cooling r^a 
be performed by a method in ./hich water is evaporated under reduced pressure, a method in which ,ackets, cooling 
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coils, etc. are used, or the like. Especially preferable is the method in which water is evaporated under reduced pressure 
to deprive the solution of the heat of evaporation. As a method for feeding a homogeneously dissolved solution Into a 
pressure-reduced vessel, for example, a method in which an orifice or the like Is provided so that the solution undergoes 
resistance before entering the vessel, or a nnethod in which the slurry is circulated from the crystallization slurry vessel 

5 and Ihe solution Is introduced into this line is especially preferable. According to such a method, deposited crystals 
are easy to grow. A feeding rate of the homogeneously dissolved solution does not have to be controlled, as long as 
a fed liquid is cooled enough to keep the temperature within the crystallization slurry vessel, preferably l^^'O or more, 
more preferably 30C or more, preferably lOO^'C or less, more preferably 80X or less, most preferably 60°C or less. 
In continuous crystallization, the residence time of the crystallization slurry is at least 1 minute or more, preferably 10 

10 minutes or more, more preferably 30 minutes or more; and is at the maximum 1 0 hours or less, preferably 5 hours or 
less, more preferably 2 hours or less. 

[0052] Thus, L-aspartic acid containing a small amount (e.g. 0.05-2% by weight, preferably 0.1-1% by weight) of 
fumarate can be obtained by a simple method. These crystals containing fumarate are easy to handle since they do 
not scatter easily even after drying. Hence, they are extremely useful as industrial L-aspartic acid. If purified further 
1B through repeated purification steps, this L-aspartic acid may be used as a food additive or used in the production of 
pharmaceuticals. 

[0053] The mother liquor from which L-aspartic acid has been separated can be recycled as a substrate solution for 
L-aspartic acid production. Briefly, the mother liquor is mixed with the above-described washing liquid. Then, fumaric 
acid and ammonia are added thereto to re-prepare a substrate solution. In the above process, appropriate adjustment 
20 such as concentration of the mother liquor and/or the washing liquid is performed if necessary. For example, since the 
volume of the re-prepared substrate solution is larger than the volume of the initial substrate solution due to the washing 
liquid and aqueous ammonia added thereto, the mother liquor and/or the washing liquid can be concentrated so that 
the re-prepared solution will have the same volume as that of the initial substrate solution after the addition of aqueous 


30 


35 


ammonia. ..^-'^ 
25 [0054] The amount of fumaric acid to be added may be the amount obtained by subtracting the number of moles of 
the fumaric acid added for crystallization of L-aspartic acid from the number of moles of the L-aspartic acid separated 
as crystals. The amount of ammonia may be equal to the amount of the L-aspartic acid separated as crystals rn terms 
of mole. By selecting these amounts, it is possible to achieve the following ratio in the solution: 


(Total number of moles of fumaric acid -t- L-aspartic 
acid): (Total number of moles of ammonia + L-aspartic acid) : 
1:1.5-2.5 


At this time, the pH of the solution is in the range from 7.5 to 9.5 at 25^*0. 

[0055] Specifically, the mother liquor from which L-aspartic acid has been removed is mixed with the washing liquid. 
To this mixture, the above-mentioned amount of fumaric acid is added. The resultant mixture is subjected to heating 
40 and pressure reduction to remove excessive water for concentration. Then, the above nnent ion ed amount of ammonia 
is added thereto to re-prepare a raw material solution for L-aspartic acid production. 

[0056] By using the thus re-prepared substrate solution, an enzyme reaction using an enzyme-containing material 
with aspartase activity, heating, addition of fumaric acid, deposition of L-aspartic acid crystals by cooling, separation 
of the crystals and re-preparation of the mother liquor are repeated. Thus, the mother liquor is recycled as a substrate 

45 solution. According to the present invention, the mother liquor can be recycled 10 times or more. 

[0057] When this recycling proceeds, the reaction solution turns into light yellow. It is possible to prevent the accu- 
mulation of coloring substances by purging a part of the reaction solution after completion of the reaction using an 
enzyme-containing material, if necessary. As to the amount of the reaction solution to be purged in relation to the total 
reaction solution, the lower limit is 1% or more, preferably 3% or more, more preferably 5% or more, and the higher 

so limit is 20% or less, preferably 10% or less. The L-aspartic acid contained in the purged portion of the reaction solution 
can be recovered by a conventional crystallization/separation method using a mineral acid such as sulfuric acid. In 
order to prevent the accumulation of coloring substances in the reaction solution, conventional methods such as treat- 
ment of the solution with active carbon may also be used. 

55 EFFECT OF THE INVEfviTlON 

[0058] According to the present invention, it is possible to produce highly pure, crystalline L-aspartic acid with an 
excellent operation efficiency without complicated steps. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0059] Hereinbelow, the present invention will be described more specifically with reference to the following Exam- 
ples, which should not be construed as limiting the technical scope of the invention. 

PREPARATION EXAMPLE 1 

[0060] A method for preparing an E coh-derived aspartase by recombinant DNA techniques will be described, 
(i) Preparation of a Recombinant E. coli Aspartase 

[0061] Escherichia coli IFO3301 strain purchased from Institute for Fermentation, Osaka (Japan) was inoculated 
into LB medium shown in Table 1 and cultured at 37°G for 8 hours. Cells were harvested from 1 ml of the resultant 
culture fluid and suspended in 1 ml of distilled water This cell suspension (1 |il) was used as a template DNA to amplify 
the aspartase gene of this E, cq|i strain. 


Table 1 

Composition of LB Medium 


Polypeptone 

10g 

Yeast extract 

5g 

NaCl 

10g 

Distilled water 

1 L 

Autoclave-sterilized at 12rC for 15 min. 


(ii) Amplification of the Aspartase Geno by PGR and 


Preparation of an Insert 

[0062] In order to amplify the aspartase gene of the above E. coli strain, the following two primers were 
based on the known sequence (SEQ ID NO: 1) encoding the aspartase gene of E, coH K-12 strain (Biochei 
(2), 547-557). 

Forward primer: GGATAATCGTCGGTCGAAAA (SEQ ID NO : 2) 
Reverse primer: CGTCATCTGACGTGCCTTT (SEQ ID NO: 3) 


[0063] A reaction solution having the composition shown in Table 2 was prepared using KOD DNA polymi 
(Toyobo), and then the aspartase gene was amplified by PGR. 


Table 2 


lOx Buffer 

5^1 

dNTPs Mix 

5|.il 

Mgcl2 

2^1 

Template DNA 

Ifil 

KOD DNA polymerase 

1 ^1 

FonA/ard primer (25 pmol) 

1 ^il 

Reverse primer (25 prnol) 

1|al 

Sterilized water 

34 -il 

Total 

50^1 
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PGR conditions: ■ 

[0064] At 9&°C for 5 min and subsequently 30 cycles of at 9&'C for 30 sec; at 53''C for 30 sec; and at 68°C for 1 min.; 
[0065] After completion of the PGR reaction, amplified DNA fragments were electrophoresed on 1% agarose gel and • 
stained with ethidium bromide. As a result, it was found that an expected fragment of about 1600 bp was amplified, 
actually. 

[0066] This fragment was cut out from the gel, and the DNA was recovered with Prep A Gene (BioRad). 

(iii) Ligation of the Insert to a Vector 

[0067] The DNA fragment recovered above (insert) was ligated to pCR-Script Amp SK(+) cloning vector in the pres- 
ence of restriction enzyme Srf and DNA ligase. 

[0068] One of the resultant transformants into which the above DNA fragment had been inserted was designated 
PUaspEI clone. This clone was inoculated into 3 ml of LB medium supplemented with 100 ppm ampicillln and then 
cultured overnight at 37°C under shaking. Subsequently, cells were harvested from 1 .5 ml of the resultant culture liquid. 
The plasmid was recovered from these cells by the alkaline SDS method. This plasmid was designated pUaspEL 
[0069] The sequence of the insert in this plasmid was analyzed. As a result, it was found that the aspartase gene 
had been inserted In the opposite direction against the promoter of the vector. In order to re-ligate the insert in the 
same direction as that of the promoter, it was decided to cut out the insert from plasmid pUaspEI using restriction 
enzymes Sad and BamHI and then introduce it into pUC19. Plasmid pUaspEI was digested with restriction enzyme 
BamHI, followed by ethanol precipitation to recover the DNA. Subsequently, the DNA was digested with restriction 
enzyme Sacl . The digested DNA fragment was separated by 1 % agarose gel electrophoresis and cut out from the gel. 
Then, the DNA was recovered with Prep A Gene (BioRad). 

(iv) Preparation of a Vector 

[0070] Plasmid pUC19 (Nippon Gene) (1 ^ig) was digested with restriction enzyme BamHI, followed by ethanol pre- 
cipitation to recover the DNA. Then, the DNA was digested with restriction enzyme Sack The digested DNA fragment 
was separated by 1% agarose gel electrophoresis and cut out from the gel. Then, the DNA was recovered with Prep 
A Gene (BioRad) to thereby prepare a vector. 

Ligation of the Insert to the Vector 

[0071] The insert was ligated to the vector digested with the restriction enzymes using "Ligation High" (Toyobo) at 
16°C for 30 min. 

(v) Transformation of E. coli 

[0072] Two microliters of the resultant ligation solution was added to 200)il of E, coli competent cells (XL 2-Blue MRP 
Ultracompetent cells; Stratagene) to transform them. The transformed cells were spread on LB agar medium containing 
100 ppm ampicillin and cultured overnight at 37*C. 

[0073] As a control, E, coli competent cells were transformed with plasmid pUCI 9 not carrying the insert, and tlien 
spread on LB agar medium containing 100 ppm ampicillin and cultured overnight at 37X in the same manner. 
[0074] Twenty colonies were picked up from the medium, inoculated into LB medium containing 100 ppm ampicillin 
and cultured at 37''C under shaking. After 8 hours, IPTG (isopropylthio-p-D-galacloside) was added thereto to give a 
concentration of 1 mM. Then, the cells were cultured overnight at SC'C under shaking. From 1 ml of the resultant 
culture liquid, the cells were harvested. 

[0075] Likewise, one clone of the control transformant without the insert was cultured, and cells were harvested. To 
these harvested cells, 1 ml of the ammonium fumarate substrate solution shown in Table 3 was added to suspend the 
cells and reacted at 30°G for 1 hr. 

Table 3 


Composition of 20% Ammonium Fumarate Substrate Solution 

Fumaric acid 

25% Aqueous ammonia 

r\/lqS04 . 7 Hp 

200 g 
200 g 

2.5g 
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Table 3 (continued) 


Composition of 20% Ammonium Fumar ate Substrate Solution 

— — ■ ~ n 5009" 


Deionized water I 
The mixture was adjusted to pH 8.3 with 25% aqueous ammonia, and then deionized water was added thereto to 
make the volume 1 L. . 


rO0761 The results of analysis of the reaction solution revealed that the ratio of conversion into L-aspartic acid was 
99.5% when the E. coli transformant carrying the insert was used. On the other hand, when the control transformant 
not carrying the insert was used, the conversion ratio was 5%. 
rOOTTl One ol these transformants with insert was designated PUaspE2. 

0078 PUaspE2 was inoculated into 3 ml of LB medium supplemented with 100 ppm ampicillin and cultured a 37 C 
for 8 hr The plasmid was recovered from 1 .5 ml of the resultant culture liquid by the alkaline SDS method. This plasmid 
was designated pUaspE2. Plasmid pUaspE2 was digested with restriction enzyme Smal and subsequently with re- 
striction enzyme Hindlll, and then subjected to 1% agarose gel electrophoresis to determine the sizes of the resultant 
DN A fragments As a result, it was found that two fragments of about 2960 bp and 1 600 bp were presen in the plasmid^ 
r00791 PUaspE2 clone was inoculated into 3 ml of LB medium supplemented with 100 ppm ampicillin and cultured 
at 37C under shaking. After B hours, IPTG (isopropylthio-p-D-galactoside) was added thereto to give a concentration 
of 1 mM Then, the cells were cultured overnight at 30»C under shaking. From 1 ml of the resultant cutture hquid, the 
cells were harvested and their cell density (OD at 660 nm) was determined. As a result, OD660 was 8.0. These ce Is 
were suspended in 10 ml of 20% ammonium fumarate substrate solution and reacted at 30"C for 1 hr. Subsequently, 
the reaction solution was analyzed by HPLC. The aspartase activity of these cells was calculated ^^^^^^^^ 
acid produced and the cell density As a result, the aspartase activrty was as follows: production of 2,000,000 nM L- 

aspartic acid/hr/OD660. . ^ „ ^^^ow,, /on a. ssn 

[0080] Similarly, one control clone without the insert was cultured; cells were harvested; and cell density (OD at 660 

nm) was determined. As a result, OD660 was 8.5. . ■ ^ , ^ 

r0081] These control cells were suspended in 1 0 ml of 20% ammonium fumarate substrate solution and reacted at 
30»C for 1 hr Subsequently, the reaction solution was analyzed by HPLC. Their aspartase activity was calculated from 
the L-aspartic acid produced and the cell density As a result, the aspartase activity was as follows: production of 
lO.OOO^iM L-aspartic acid/hr/OD660. Thus, the obtained PUaspE2 strain had aspartase activity 200 times as high as 
that of the clone without inserted aspartase gene. 


(vi) Cultivation of the Transformant 

r00821 Transfomiant E. coli PUaspE2 clone into which the aspartase gene had been transferred was inoculated into 
10 test tubes individuall^containing 3 ml of the medium shown in Table 1 supplemented wrth 100 ppm ampicillin, and 
cultured at 37°C for 8 hr. Then, the resultant culture in each test tube was inoculated indivkJually into a Sakaguchi flask 
containing 100 ml of the above-described medium supplemented with 1 mM IPTG. The cells were curtured overnight 
at 30 -C under shaking. The cells were harvested from the resultant culture liquid by centrifugation. The aspartase 
activity of these cells was measured and found to be as follows: production of 1 .05 moles of L^spartic acid/hr/g cells. 

Preparation of Immobilized Aspartase Using the Tra nsformant 

[00831 Seventy grams of PAS-880 (Nitto Boseki) whose pH had been adjusted to around 7.0 with alkali and 230 g 
of deionized water were mixed thoroughly The transformant cells harvested above were dispersed in this mixture 
unifomily An ion exchange resin (Ambertite IRA-94SC1 ; Organo Corp.; mean particle size: 0.5 mm) (300 ml) and 0.5 
in Teflon balls (200 balls) were placed in a 6 L round-bottom flask, to which 1/6 of the cell suspension obtained above 
was added Then, the resultant mixture was evaporated at 30°C to dryness while rotating the flask, to thereby coat the 
ion exchange resin with the cells. This operation was repeated 6 times. Thereafter, the TefJ" balls were removed to 
obtain bead-like, immobilized aspartase. The actwity of this immobilized aspartase was 3500 U/ml (1 U = production 
of 1 |imol of L-aspartic acid/min/ml immobilized enzyme). 

Cultivation of E. coli IFO3301 Strain 

[0084] E coli 1FO3301 strain into which the aspartase gene had not been transferred was cultured in the same 
manner ^d^Icribed above except that ampicillin and IPTG were not added to the medium. Then, the cells were 

harvested. 
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Preparation of Immobilized Asoartase Usin g the Non-Transtormant 


[0085] Bead-like, immobilized asparlase was obtained In the same manner as described above except lhal L £2!! 
IfO3301 strain was used. The activfty of this immobilized aspartase was 180 U/ml (1 U = production of 1 pmol of L- 


aspartic acid/min/ml immobilized enzyme). 
EXAMPLE 1 


[0086] The transformant-immobilized aspartase prepared in Preparation Example 1 was dipped ,n 20 /<> ammonium 
fumarate solution (pH B.3) overnight. Subsequenth,, 500 ml of the resultant aspartase was pac ed in ^-^^"^l^^^ 
of which was then covered with a heat insulator made of polystyrene foam to thereby insulate the rea-'° "j^c It 
TO this column, the substrate solution (shown in Table 4) retained at 20 "C in a thermostetic water bath of 20 C was 
f?d Lugh a Teflon tube covered with a heat insulator at a rate of 5 Uir (LHSV = 10.0) and circulated to perform a 
continuous reaction. 


Table 4 


Fu marie acid 
25% Aqueous ammonia 
Magnesium sulfate 

These components were dissolved in deionized water. After adjusting the pH of the solution to 8.5 at 25 °C with 
25% aqueous ammonia, deionized water was added to make the volume 10 L. 


2.00kg 
2.34kg 
25 g 


r0067] The reaction solution was analyzed one hour after the start of the reaction. The results showed that L-aspartic 
S was produced as a reaction product in an amount almost equimoiar to that of the consumed fumar.c ac.d. and 
that the ratio of conversion into L-aspartic acid was 99.2%. _ 
0088] Ten mers of this reaction solution (weight: 11 .1 kg) was placed in a 20 L flask which was provided with a 
cooling tube so that pressure reduction and reflux could be carried out. The solution was heated to 95 C and 1 .0 kg 
o?tmaricacidwasaSdedtheretoandagitated.lnabou.2minutes,thefumaricacidcrystalswe^ 
Agitation was continued further. Then, in about 1 minute, crystals of L-aspartic acid began to ^eposl Atter^e 1 PU d 
temperature was kept at 95 »C for 30 minutes, the pressure inside the flask was reduced at a rate of 15 torr/min^ In 
, ^course of this operation, the liquid containing L-aspartic acid crystals began to boil at around 600 ^onA^e^^^^^^^^ 
the pressure was reduced while condensing the evaporated water in the cooling tube and ^^t";-;;^ ^° "^^J'^i 
(average cooling rate: 0.24 »C/min). After the pressure was reduced to 400 torr at which the liquid temperature w^g 
fs'G ?he pressure was further reduced at a rate of 3 torr/min. About 2 hours thereafter, the '"^'^^ j^^Jf^^.^ 
wasreturnedtoambientatmospherk^pressurebecausethetemperatureoftheliquidcontainingL-asparti^^^^^^^^ 

reached 40°C at 50 torr (average cooling rate: 0.33'C/mln). Under these conditions, agitation was continued for 30 
min tocomplete the deposition of L-aspartIc acid crystals. The thus deposited L-aspart,c acid crys^ls w- -Parat^d 
through a centrifugal filter and washed with 1 L of water. The resultant L-aspartic acid crystals were 1 .86 kg in we gh 
(n^ s?ure content'7.0"/o). Aner drying, the crystals had a weight of 1 .73 kg and a purity of 99.7°/». As to form^ they 
were mainly needle-like crystals 500,m in average length. These L-aspartic acid crystals were -jJPenf <^ " ° ^ ° 
water agitated and then subjected to centrifugal filtration to separate the L-aspart.c acid crystals^The resultant L 
Tspartic acid crystals were 1 .84 kg in weight (moisture content: 7.0%); after drying, the crystals had a weight of 1 .71 

l^Z'Trr^ZZo. from which the L-aspartic acid had been separated and the liquid ^^'^^^^^^^^^^^ 
L-aspartic acid were combined, and 0.51 kg of f umaric acid was added thereto. This mixture was condensed by evap • 
orating 2 kg of water with a rotaiy evaporator. To the resuttant liquid, 885 g of 25% aqueous ammoma was added. 
Further, water was added thereto to make the total weight 11 .1 kg. The pH of this liquid was 8.5 at 25 C_ 
[0090] using another 10 L of the substrate solution shown in Table 4, the same operations as described above v^m 
performed to yield 1 .89 kg (rr,oisture content: 7.2%) of L-aspartic acid crystals. The purrty o the resultant c^staL. was 
99 6%. LikewL, the mother liquor and the washing liquki were combined, and 0.53 kg of funiano ^^'^ ^^^^^^^ 
thismixture. Afterconcontration,25%aqueousammoniawasadded thereto. ThepHotheresultantliquKdw^^^^^^^^^ 
to 8 5 at 25 °C. Then, water was added thereto to make the total weight 11 .1 kg. This liquid was ''^^ined with the o- 
prepared solution described above, kept in a thermostatic water bath of 20"C, fed to a column packed w«h the above- 
Se^ribed transformant-immobilized aspartase through a Teflon tube covered w,th a heat ^'''f'°;;^XZTMl 
a rate of 5 LAir (LHSV = 10 0) to perform a continuous reaction. The reaction solution was analyzed one hour after the 
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start of the reaction. The results showed that L-aspartic acid was produced as a reaction product in an amount almost 
equlmolar to that of the consumed f umaric acid, and that the ratio of conversion into L-asparnc acd /^^^^^^^^^^ 
10 L of this reaction solution, the same operations as described above were performed to yield 1.86 kg (moisture 
on^n : 7 1°r) of L-aspartIc acid crystals. The purity of the resultant crystals was 99^%. ^hese operations we^^^^^^^ 
peated further! the reaction solution of 20 L (taken as 1 unit) was re-prepared and used 5 times. The results are shown 
in Table 5 below. 


Crystallization 

1st jjme 

2"** Time 

7,n^e 

4*'^ Time 

5th Time 

Conversion ratio (%) 

Wet L-aspartic acid crystals (kg) 

Moisture content (%) 

Dry weight (kg) 

Purity (%) 

Crystal form 

99.2 

3.7 

7.0 

3.49 

99.7 

needle-like 

99.2 

3.78 

7.1 

3.51 

99.7 

needle-like 

99.3 

372 

7.4 

3.4 

99.7 

needle-like 

99.2 

3.76 

7.2 

3.49 

99.7 

needle-like 

99.2 

3.34 

7.1 

3.47 

99.7 

needle-like 

Note: The values given above are 

calculated against 1 unit (i.e. 20 L) of reaction solution. 


EXAMPLE 2 

[0091] Heating and addition of f umaric acid were performed In the same manner as In Example 1 expect that fur^aric 
add wet c^stalJcontaining 5% moisture were used as the fumaric acid added for the '^^^^^'^'^^^^if ^^^^ 
When 1 06 kg of 5% moisluro-containing fumaric acid was added to the reaction solutior. and agitated, f~ 
acid crystals were completely dissolved in about 30 seconds. When agitation was continued further, L-a partic acd 
c^state began to deport In about 3 minutes. After the reaction solution was cooled In the same manne as in Example 
The L-aspartIc acid'crystals deposited were separated through a centrifugal firter and washed wUh 1 L of water The 
e uLnt L aspartic acid crystals were 1.85 kg In weight (moisture content: 7.0%). After drying, they had a weight of 
1 .72 kg and a purity of 99.7%. As to their form, they were mainly needle-like crystals 500^m in average length. 

EXAMPLE 3 

[0092] The iransformant-immobillzed aspartase prepared in Preparation Example 1 was dipped in 20% arnnnoniurn 
umarate solution (pH 9.5) ovemight. Subsequently 50 ml of the resultant aspartase was packed in a columa outside 
of wNch was then covered with a heat insulator made of polystyrene foam to thereby insulate the --tor t^^err^a ly 
?oThis column the substrate solutbn (shown in Table 6 below) retained at 20 "C in a thermostatic wa er ba h of 20 C 
was iLtmugh a Teflon tube covered with a heat insulator at a rate of 5 IThr (LHSV = 10.0) and circulated to perform 
a continuous reaction. 


Table 6 


Fumaric acid 

25% Aqueous ammonia 

Magnesium sulfate 


2.00 kg 

2.34 kg (2.0 times the amount of fumaric acid in terms of 
mole) 

_ 25 g 

ThTse components were dissolved in delonized water After adjusting the pH of the solution to 9.5 at 25^C with 25% 
aqueous ammonia, deionized water was added to make the volume 10 L. ^ 


[0093] The reaction solution was analyzed one hour after the start of the reaction. The results showed that L-aspartic 
S was produced as a reaction product in an amount almost equimolar to that of the consumed fumanc ac.d, and 
thai Ihe ratio of conversion into L-aspartic acid was 99.7%. 

0094] Tan liters of this reaction solutbn (weight: 111 kg) was,placed in a 20 L flask -^f -^^P/^'^^jf^ 
cooling tube so that pressure reductbn and reflux could be carried out. The solutbn was heated to 95 C. When 1^00 
kg of fumaric acid was added thereto and agitated, the fumaric acid crystals were completely dissoN/ed. Even when 
agitation was continued further for 30 minutes, L-aspartic acid crystals did not form, and the J^^^^^^^^ 
geneous. After the solution temperature was retained at 95»C for 30 minutes, the pressure '"^f^J^^/^f ^.^^^^^^^^^ 
at a rate of 10 torr/min. In the course of this operation, the solution began to boil at around 600 torr. he eaf^ the 
pressure was reduced while condensing the evaporated water in the cooling tube and returning it to the flask (average 
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.nniino rate- 0 4rC/min) In this course, L-aspartic acid crystals began to deposit at around 83"C of the liquid.tem- 
^eSe ifter the p^ess re was reduced to 400 torr at which the liquid tempe^ture was 78'C, the pressure was furthe 
eSd aTa at ^3 torr/r.in. About two hours thereafter, the pressure ir,side the flask returned to arrtb ent 
Ltlspherlc pressure b.^^^^^^^^^^^^^ 

I^^SX^fTr;^^^^^^^^^^^ L-as^artic acid crystals were separated through a can- 

leal S arid washed wi,h 1 L of water. The resultant L-aspartic acid crystals were 1.68 kg .n weight (moisture 
cSt fo°" A^Sfd;'^ the crystals had a weight of 1.56 kg and a purity of 99.7%. As to their form, they were 

S 'TZ:^^':^::^^^^ ... ... been separated and the liquid which had washed the 

i Srtic acid were clbined, and 160 g of fumaric acid was added thereto. This mixture was condensed by evap- 
: i r kg d^al^^^^^^ a rom.. evaporator. To the resultant liquid, 680 g of 25o. aqueous ammonia was added. 
Further water was added thereto to make the total weight 11 .1 kg. The pH of this liquid was 9-5 ^t 25 a 
roM^l Usina another 10 L of the substrate solution shown in Table 6, the same operations as desc nbed above were 

^uihl 20 L (ta'ken\s 1 unit) was ra^repared and used 5 times. The results are shown in 

Table 7 below. 


Table 7 


Crystallization 

1st jime 

2"^ Time 

3^^ Time 

4^"^ Time 

5th Time 

Conversion ratio (%) 

Wet L-aspartic acid crystals (kg) 

Moisture content (%) 

Dry weight (kg) 

Purity (%) 

Crystal form 

99.7 

3.37 

7.1 

3.13 

99.7 

needle-Like 

99.7 

3.38 

7.2 

3.14 

99.7 

needle-like 

99.7 

3.39 

7.0 

3.15 

99.7 

needle-like 

99.7 

3.36 

7.1 

3.12 

99.6 

needle-like 

99.7 

3.37 

7.0 

3.13 

99.7 

needle like 

Note: The values given above are 

J calculated against 1 unit (i.e. 20 L) of reaction solution. 


EXAMPLE 4 


[0097] The transformant-immobllized aspartase prepared in Preparation Exarriple 1 was <^'Pl^^'^^^^^^^ 
, Loltinn /nH 9 3) ovemiaht Subsequently. 500 ml of the resultant aspartase was packed in a column, outside 

7;:: ^as r^^^^^^^^^ -da Of polystyrene foam to thereby insulate the reactor therma y 

?lTh cTumn, the substrate solution (shown in Table 4) retained f ^o;^;" a thermos 

fed through a Teflon tube covered with a heat insulator at a rate of 5 L^r (LHSV = 10.0) and circulated pertorm 


raotrTVeSL solution was analyzed one hour after the start Of the reac^ 

Lcris prLSHs a reacts product in an amount almost equimolar to that of the consumed fumanc ac^, and 
'Z was .aced . a 20 L ..sk -ich wa P « ^ 
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After the pressure was reduced to 400 torr at which the liquid temperature was 78'G, the pressure was further reduced 
at a rate of 5 torr/min. About 1.5 hours thereafter, the pressure inside the flask was returned to ambient atmospheric 
pressure because the temperature of the liquid containing L-aspartic acid crystals reached AO°C at 50 torr (average 
cooling rate: 0.54''C/min). Under these conditions, agitation was continued for 30 min to complete the deposition of L- 

5 asparlic acid crystals. The thus deposited L-asparlic acid crystals were separated through a centrifugal filler and 
washed with 1 L of water. The resultant L-aspartic acid crystals were 1 .86 kg in weight (moisture content; 7.0%). After 
drying, the crystals had a weight of 1 .73 kg and a purity of 99.7%. As to their form, they were mainly needle-like crystals 
500^im in average length. The above-described crystallization operations for L-aspartic acid were performed again, 
and the crystallized L-aspartic acid was separated by centrifugal filtration and washed with 500 ml of water. The resultant 

10 L-aspartic acid crystals were 1 .88 kg in weight (moisture content; 7. 1 %); after drying, the crystals had a weight of 1 .75 
kg and a purity of 99.6%. When the amount of washing water was reduced to 250 ml in the above procedures, the 
resultant L-aspartic acid crystals were 1.86 kg in weight (moisture content; 7.0%); after drying, they had a weight of 
1.73 kg and a purity of 99.5%. When the amount of washing water was reduced to 125 ml in the above procedures, 
the resultant L-aspartic acid crystals were 1 .85 kg in weight (moisture content; 7.2%); after drying, they had a weight 

15 of 1 .72 kg and a purity of 99.4%. When crystallization of L-aspartic acid was performed in the same manner as described 
above except that no washing was carried out with water, the resultant L-aspartic acid crystals were 1 .98 kg in weight 
(moisture content; 7.2%); after drying, they had a weight of 1.75 kg and a purity ot 98.9%. 

EXAMPLE 5 

20 

[0100] The transtormant-immobilized aspartase prepared in Preparation Example 1 was dipped in 20% ammonium 
fumarate solution (pH 8.3) overnight. Subsequently, 500 ml of the resultant aspartase was packed in a column, outside 
ot which was then covered with a heat insulator made of polystyrene foam to thereby insulate the reactor thermally 
To this column, the substrate solution (shown in Table 4) retained at 20 °C in a thermostatic water bath of 20^*0 was 
25 ted through a Teflon tube covered with a heat insulator at a rate of 5 Uhr (LHSV - 10.0) and circulated to perform a 
continuous reaction. 

[01 01] The reaction solution was analyzed one hour after the start of the reaction. The results showed that L-aspartic 
acid was produced as a reaction product in an amount almost equimolar to that of the consumed fumaric acid, and 
that the ratio of conversion into L-aspartic acid was 99.2%. 

30 [0102] Ten liters of this reaction solution (weight: 11.1 kg) was placed in a 20 L flask which was provided with a 
cooling tube so that pressure reduction and reflux could be carried ouL The solution was heated to 95'C. When 1 .00 
kg of fumaric acid was added thereto and agitated, the fumaric acid crystals were completely dissolved. The agitation 
was continued further for about 3 minutes. Then, L-aspartic acid crystals began to deposit. After the liquid temperature 
was kept at 95 ''C for 30 min, the pressure inside the flask was reduced at a rate of 15 torr/min. In the course of this 

35 operation, the liquid containing L-aspartic acid crystals began to boil at around 600 torr, thereafter the pressure was 
reduced while condensing the evaporated water in the cooling tube and returning it to the flask (average cooling rate; 
0.7rc/m)n). After the pressure was reduced to 400 torr at which the liquid temperature was 78^*0, the pressure was 
further reduced at a rate of 10 torr/min. About 1 hour thereafter, the pressure inside the flask was returned to ambient 
atmospheric pressure because the temperature of the liquid containing L-aspartic acid crystals reached 40''C at 50 

40 torr (average cooling rate; 1 .09°C./min). Under these conditions, agitation was continued for 30 minutes to complete 
the deposition of L-aspartic acid crystals. The thus deposited L-aspartic acid crystals were separated through a cen- 
trifugal filler and washed with 1 L of water. The resultant L-aspartic acid crystals were 1.86 kg in weight (moisture 
content; 7.0%). After drying, the crystals had a weight of 1 .73 kg and a purity of 99.7%. The above-described crystal- 
lization operations for L-aspartic acid were performed again, and the liquid containing L-aspartic acid crystals was 

45 cooled to 35 "C, The crystallized L-aspartic acid was separated by centrifugal filtration and washed with 1 L of water. 
The resultant L-aspartic acid crystals were 1 .95 kg in weight (moisture content; 7.0%); after drying, the crystals had a 
weight of 1 .81 kg and a purity of 99.7%. When the liquid containing L-aspartic acid crystals was cooled to 30"C in the 
above-described procedures, the L-aspartic acid crystals after centrifugal filtration were 1.99 kg in weight (moisture 
content; 7. 1 %); after drying, the crystals had a weight of 1 .85 kg and a purity of 99. 1 %. 

so 

EXAfVIPLE 6 

[0103] The transformant-immobilized aspartase prepared in Preparation Example 1 was dipped in 20% ammonium 
fumarate solution (pH 8.3) overnight. Subsequently, 500 ml of the resultant aspartase was packed in a column, outside 
55 of which was then covered with a heat insulator made of polystyrene foam to thereby insulate the reactor thermally 
To this column, the substrate solution (shown in Table 4) retained at 20 'C in a thermostatic water bath of 20°C was 
fed through a Teflon tube covered with a heat insulator at a rate of 5 Uhr (LHSV = 10.0) and circulated to perform a 
continuous reaction. 
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10 


15 


20 


25 


30 


35 


40 


45 


50 


Lmaric acid and 500 g o. waler --^^ -^f^^^^^^^^^ tlough a silicone tube a. flow rates of 1110 • 

solution and this slurry were independently fed to a reacto w P ^ ^^^^ introduced into 2 static 

g/min and 200 g/min, respectively. These two - J^^'^"^;,^^^^^^^^^ of gtess; 5 mm In inside diameter 

mixers provided wrth a jacket (Nontake; Mode 1/4(1)-N40 a ) ^^^^^ ^^^^^ „^ 

X 325 mm in length; number of elements: 24) connec ed ,n ^^J'-^^^^^^ [^^^ , \ The above-described 
circulated. At that time, the linear velocity of the " the ,,„aric acid c^stals 

two fluids were mixed in the first static m.xer to g n^^^^^^^^^ 

nor L-aspartic acid crystals were present. The residence o tnis ^^^^^^^ ^^^^^^^^^ 

?his solution was introduced into a 1°, V'^ltaaitS co^^^^ ^o" minutes later, L-aspartic acid c^stals 
reflux could be carried out, and the f ."^'^"XeS n ro^^^^^^ the introduction was stopped. Thereafter, 

began todeposit.When4Lofthesdutionhadbeenm^^^^^^^^^ 

the pressure inside the flask was red ced ^J^'^J^ '^Xe^M the pressure was reduced while condensing the 
L-aspartic acid crystals began to bo.l at around ^^^'^" ''^^Ir^^^^ rate; 0.71 =C/min). After the pressure 

evaporated water in the cooling tube and -^"-"^^^^^^^^^^^^^^ was further reduced at a rate of 10 

was reduced to 400 torr at which the liquid temperat^je ^as ^9 ^.^t P atmospheric pressure because 

torr/min. About 1 hour thereafter, P^^"/; J'';,.^'^ "^^^^^^ »C at 50 torr (average cooling rate: 1.08»C/ 

the temperature of the liquid containing L-aspartic acd^^^^^^^ ^^^^^^^ „^ L^spartic acd 

rr^in). Under these conditions, agitation was « J^^^^,^";';" ,o -C. The crystals were separated by centrifugal 
crystals. The liquid containing L-aspart.c crystals were 753 g in weight (moisture content: 

filtration and washed with 100 ml °" 99.7%. As to their form, they were main^ needle- 

7.0%); after drying, the crystals had a weight of 700 g and a purity oi 
like crystals 500 nm in average length. 

FX AMPLE 7 

L.il=aoU»MpH8.3|»ernigMSubsMu.ntl,,5Mml^^^^^ 

o, *ich va, *.n co,e,«d wilh a >.« .ns«o' ™d« ^ '^"Vo " in , Mn,03Bli= ol 20-C «a. 

continuous reaction. ^ of the reaction. The results showed that L-aspartic 

S'i:rr.t:a"~"rr » « a. 

that the ratio of conversion into L-aspartio acid was 99.2 ^ ^.^^ ^^^-^ a 

[0108] Ten Irters of this reaction ^^'^''^^^^x ou d belrd'tu^ 1^^^^ solution was heated to 95'C. When i .00 
cooling tube so that pressure reduction and '^^^'^^^^''^^ZT^d cr^sXs^ were complstely dissolved. After the 
Kg Of Laric acid was added thereto and ^^.^iV^aM educed a. a rate of 20 torr/min. As a resuH, L- 
solution became homogeneous, the P^^^«"'^^ '"^f J^'^^^^^^^ to boil violently, thereafter the pressure was 

aspartic acid crystals began to deposit ''""^^^^ 'at^t^^^^^^ returning ittotheflask. About 40 minutes 

turtherreduced While condensing theevaporate» 

thereafter, the pressure inside the flask was '^'^ f^'S^Txm (average moling rate: 1 55'C/min). Under these 
the lk,uid containing L-aspartic acid crystals ^^^''^^'^^^^^'^JZ deposLn of L^partic acid crystals. The thus 
cond'ions, agnation was continued for 30 --'^ '° ^"^^^^^^^^^^^ 
depositedL-asparticacidcrystalswereseparaedthroughac^^^^^^^^^^^ 

L-aspartic acid crystals were 2.1B kg in weight (—^^^^ 

kg and a purity of 98.8%. As to their form, they ^^J^^ ™ and subjected to centr«ugal fiftration 

sririr^heTsis 

crystals had a weight of 1 .65 kg and a purity of 99.7%. 


55 EXAMPLE B 
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ot whic. was then covered With a heat insulator .ade o, p^^^^^^^^^^^ 

TO this column, the substrate solution (shown .n Table 4) ^^^'^'"f//° ^^J^^S^To 0 and circulated to perform a 
fed through a Teflon tube covered with a heat insulator at a rate of 5 Uhr (LHSV _ 1 0 u) ana c 

continuous reaction. reaction The results showed that L-asparlic 

that the ratio of conversion into L-aspart,c acid ^^^^ M .2 ^3^^^,^ 30lution was fed to 

hot water of 95 °C was circulated. At the exit of the ^ ^ J!!: ^ .^^ introduced into a 10 L flask 

neither f umaric acid crystals nor L-aspartic acid crystals were p es ■ 

Tied out and the solution 

which was provided with a cooling tube so that pressure l^^*"/^ '""^"f •l^J^'^''^^^^^^^^ when 4 L of the solution 
was agteted continuously. About 10 minutes later. ^-^^Pf ^'^^^'^.^^fer S^^^ the flask was reduced 

had been introduced into the flask, the introduction was crystals began to boil at 

at a rate of 15 torr/min. In the course of this opj^-^^ iVn^ng 3^^^^^^^^^^ the coding tube and 

around 600 torr, thereafter the P'^^'^'^;;^^';^^^.^^^ was reduced to 400 torr at which 

removing it out of the system (average cooling rate. J-^/J^'^'"^;^™'!. '"^ ^3 torr/min. About 1 hour thereafter, 
the liquid temperature was 79'C, the pressure was further reduc^ ^'Vs^e because the temperature of the liquid 
the pressure inside the flask was returned 1° 'f J^otX^^^^^^^^^^ ^"^^ ^^-^ 

form, they were mainV needle-like crystals 300 ^im in average length. 


EXAMPLE 9 


[01131 L-aspa.c ac. was Produced using a contin^^^^^ f^^^^,, tiask (A) equipped with an 

[0114] Two kilograms of fumanc acid and 2 kg of wa er ^J^^^^^^ ammonium L-aspartate solution after 

ammonium L-aspartate solution. . i^.r^Hnn^H into a line mixer (G) equipped with a jacket in which a heat 

[0115] These two liquids were combined "'^"'^"'^^f " ° f^J"^.^^^^^^ I homogeneously dissolved state in 
medium of 95 C was circulating. The liqukl at the exit "^^^^J '^e " V^e liqu^^^^^ was about 90»C. 

which neither fumaric acid crystals nor L-aspartK= acid ;=^y^^«'^J^^;P^",7" JJh In ^ The pressure inside the 

This homogeneous solution was introduced into a 10 L ^^Pf ^ ^ff J^i^T nfr^u^^^^^^^^^^ evaporated to 

flask was reduced to 50 torr in advance. The moisture ^^^'^^Vl^s crvst^rza"^ A. (f^time. the 

thereby cool the solution by means of the heat of -^P^-^'^pa^a^^ 3^^^^^^^^^^^ into a receiver (J). One 

water condensed in a condenser (1) was not returned ^° .f P^^f ^ 'J^JiJ^^^^ Then, it was started to draw 

hour thereafter, the 1 0 L separable flask became a.mosr o 1^ 7 ' -"' .....e. 30 torr in advance, 
oul the slurry from the flask into a slurry-drawing out vessel (K) m ^^^^h Uie Pressur^^^^^ 

utilizing the pressure difference. The drawing out of f 2rSnZe o dfcns cTstaHi.ing operations were 
surface in the separable flask (H) was maintained J^"' . J^^^^^^^ K) became full, the feeding of 

continued further for 1 hour. One hour thereafter, since the ^ "[J'.jf;^^^^^^^^^ L^spartate solution 

the 50% fumaric acid sluny was stopped first, and then he '^^^^eyto aS^^^^^^^^^ 

crystals had a purity of 99.6% by weight (excluding moisture). 
COMPARATIVE EXAMPLE 1 

[0116] The transformant-immobilized aspartase prepared in Preparation Example 1 was dipped in 20%ammonium 
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f umarate solutbn (pH 8.3) overnight. Subsequently, 500 ml of the resultant aspartase was packed ,n a <=°l""^". 
orwS rJs S covered with a heat Insulator made of polystyrene foam to thereby insulate the reactor he^a^ 
?o This column the substrate solution (shown in Table 4) retained at 20 »C ,n a thermostatic water bath of 20 C was 
Lugh a ™on tube covered with a heat insulator at a rate of 5 LThr (LHSV = 10.0) and circulated to perform a 

mTJrTh" eaction solution was analyzed one hour after the start of the reaction. The results showed that L.spartic 
Lcld was prociuced as a reaction product in an amount almost equimolar to that of the consumed fumanc acid, and 

^ L TJrlTlZZi 30 »C As a resuH a heterogeneous slurry was generated in which crystals were constantly 
C a r^^^^^^^^ continued for 30 minutes, L-aspaL acid c^stals deposited were -P-ted ,.th a 

!or seiaraS^The rTsuL^^^^^ acid crystals wore 2.08 kg in weight (moisture content. 22.0o/o); after dn^.ng, 

the crystals had a weight of 1 .62 kg and a purity of 99.2%. 

COMPARATIVE EXAMPLE 2 

roi201 The transformant-immobilized aspartase prepared in Preparation Example 1 was dipped in 20»/o ammonium 
fSte sSS phTs ovemi^ Subsequent^. 500 ml of the resultant aspartase was packed in a column^ outside 
oZf^^h "as then cove with a heat insulator made of polystyrene foam to thereby insulate the -actor* -m^y 
?oris column the substrate solution (shown in Table 4) retained at 20 =C in a thermostatic water bath of 20 C was 
^dtouTa in t^^^^^^^^^^ With a heat insulator at a rate of 5 LThr (LHSV = 10.0, and circulated to perform a 

raTilTTh'reacTon solution was analyzed one hour after the start of the reaction. The results showed that L.spartic 
LJd was priSuced as a reaction product in an amount almost equimolar to that of the consumed fumanc acid, and 

tr^Ttrr^SirsS';^^^^^^^^^^^^^ was p,aced ,n a 20 L - ^^vi^ 

Station : colTed fler for about 3 mLtes, L-aspartic acid crystals began to depos. The ter^perature 
was raised to 95 'C at which the liquid was retained for 30 minutes. Then, the pressure inside the flask was reduc^J 
Tt a a e of ?5 torr/min In the course of this operation, the liquid containing L-aspartic acid crystals began to boj at 
arou d 60 torUhereafter the pressure was reduced while condensing the -aporated water in t o -l^g^ e a 
returning it to the flask (average cooling rate: 0.7rc/min). After the pressure 

liQUid temperature was 78°C. the pressure was further reduced at a rate of 3 torr/min. After about 2 hours and a haH^ 
he oresTure ins de the flask was returned to ambient atmospheric pressure because the temperature of the iquid 
r.n.a nfna L rsDartic acid crystals reached 20 "C (average cooling rate: 0.9»C/min). Under these conditions, agitation 
was cSu^d fofsSm^ the deposition of L-aspartic acid crystals. The thus -^^'^ ^-aspart. acd 

Tsti ^re separa^^ th rough a centrifugal filter and washed with 1 L of water. The resurtant L^spartic ac.d crystals 
we e 2 10 kg in we5,t (moisture content: 12%); after drying, the c^stals had a weight of 1 .84 kg and a purity of 98^5% 
^123^ /^l pubTlcations, patents and patent applications cited herein are incorporated herein by reference in their 

entirely. j u 

[0124] The following are information on sequences described herein. 
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[SEQUENCE INFORMATION] 
Ann y to the d scription 
5 [0125] 

SEQUENCE LISTING 

10 

<II0> Nippon Shokubai Co. Ltd. 
15 <i20> Process for Producing L-aspartic acid 


20 


25 


30 


35 


40 


45 


<130> PH-683 

<I50> JP 10-278571 
<15I> 1998-09-30 

<150> JP 10-278579 
<i51> 1998-09-30 

<160> 3 

<I70> Patent [n Ver. 2.0 

<210> 1 
<21I> 1573 
<212> DNA 

<213> Artificial Sequence 


so <220> 

<223> Description of Artificial Sequence:cDNA to mRNA 
aspartase gene derived from Escherichia coli K-l 

55 
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<220> 

<221> CDS 

<222> (91).. (1524) 


<400> 1 

ggggacaatc gtcggtcgaa aaacatlcga aaccacatat attctgtgtg tttaaagcaa 60 
atcattggca gcttgaaaaa gaaggttcac aig tea aac aac atl cgt ate gaa 114 

Met Ser Asn Asn He Arg He Glu 
I 5 

gaa gat ctg ttg ggt acc agg gaa gtt cca get gat gee tac tat ggt 162 
Glu Asp Leu Leu Gly Thr Arg Glu Val Pro Ala Asp Ala Tyr Tyr Gly 

10 15 20 

gtt cac act ctg aga gcg att gta aac ttc tat ate age aae aac aaa 210 
Val His Thr Leu Arg Ala He Val Asn Phe Tyr He Ser Asn Asn Lys 
25 30 35 40 

ate agt gat att cct gaa ttt gtt cgc ggt atg gta atg gtt aaa aaa 258 
He Ser Asp He Pro Glu Phe Val Arg Gly Met Val Met Val Lys Lys 

45 50 55 

gcc gea get atg gca aac aaa gag ctg caa acc att cct aaa agt gta 306 
Ala Ala Ala Met Ala Asn Lys Glu Leu Gin Thr He Pro Lys Ser Val 

60 65 70 

gcg aat gee ate att gee gea tgt gat gaa gte ctg aac aac gga aaa 354 
Ala Asn Ala He He Ala Ala Cys Asp Glu Val Leu Asn Asn Gly Lys 

75 80 85 

tgc atg gat cag tte ccg gta gac gtc tac cag ggc ggc gca ggt act 402 
Cys Met Asp Gin Phe Pro Val Asp Val Tyr Gin Gly Gly Ala Gly Thr 

90 95 100 

tec gta aac atg aac acc aac gaa gtg cig gcc aat ate ggt ctg gaa 450 
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Ser Val 
105 

ctg atg 
Leu Met 

cat gtt 
His Val 

cgt ate 
Arg He 


Asn Met Asn Thr Asn Glu 
HO 

aaa ggt gaa 
Lys Gly Glu 


caa ctg 
Gin Leu 
170 
ctg aaa 
Leu Lys 
185 

ggt cag 
Gly Gin 

aac ate 
Asn He 

aca gca 
Thr Ala 


ggt cac caa 
Gly His Gin 
125 

aac aaa tgt 
Asn Lys Cys 
140 

gca gtt tac 
Ala Val Tyr 
155 

cgt gaa ggc 
Arg Glu Gly 


Val Leu Ala Asn He 
115 

tac ctg aac 

Tyr Leu Asn 


cag tec act 
Gin Ser Thr 


atg ggt cgt 
Met Gly Arg 


gca gtg 
Ala Val 
250 


gaa ttc cgc 
Glu Phe Arg 
205 

caa cgt acc 
Gin Arg Thr 

220 
ate ggt act 
He Gly Thr 
235 

aaa aaa ctg 
Lys Lys Leu 


tct tec ctg 
Ser Ser Leu 
160 

ttt gaa cgt 
Phe Glu Arg 
175 

acc cag ctg 
Thr Gin Leu 
190 

get ttc age 
Ala Phe Ser 


tat cag 
Tyr Gin 
130 
aac gac 
Asn Asp 
145 

att aag 
lie Lys 


gcc tac ccg 
Ala Tyr Pro 


aaa get 
Lys Ala 

cag gac 
Gin Asp 


get gaa ctg 
Ala Glu Leu 

ggt ctg aac 
Gly Leu Asn 
240 

get gaa gtt 
Ala Glu Val 
255 


ate ctg 
I le Leu 
210 
ctg ctg 
Leu Leu 
225 

acg ccg 
Thr Pro 

act ggc 
Thr Gly 


ctg gta gat 
Leu Val Asp 
165 

gtc gaa ttc 
Val Glu Phe 
180 

gca gta ccg 
Ala Val Pro 
195 

ctg aaa gaa 
Leu Lys Glu 


Gly Leu Glu 
120 

ccg aac gac 
Pro Asn Asp 
135 

acc ggt ttc 
Thr Gly Phe 
150 

gcg att aac 
Ala He Asn 


498 


546 


594 


gaa gtt aac 
Glu Val Asn 


aaa gag tac 
Lys Glu Tyr 
245 

ttc cca tgc 
Phe Pro Cys 
260 


cag gac ate 
Gin Asp He 

atg acc etc 
Met Thr Leu 
200 

gaa gtg aaa 
Glu Val Lys 

215 
ctt ggt gca 
Leu Gly Ala 
230 

tct ccg ctg 
Ser Pro Leu 


642 


690 


738 


786 


834 


gta ccg get 
Val Pro Ala 


882 
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gaa gac 
Clu Asp 
265 

cac ggc 
His Gly 

gac ctg 
Asp Leu 

aac ctg 
Asn Leu 


aac ccg 
Asn Pro 
330 
ggt aac 
Gly Asn 
345 

ttg aac 
Leu Asn 

cac att 
His He 

ggc ate 
Gly He 

ate ggt 
He Gly 


ctg ate 
Leu He 

gcg ctg 
Ala Leu 

cgc ttg 
Arg Leu 
300 
ccg gaa 
Pro Glu 
315 

gtt gtt 
Val Val 


gaa gcg 
Glu Ala 
270 
aaa cgc 
Lys Arg 
285 

etc tct 
Leu Ser 

ctg cag 
Lea Gin 

ccg gaa 
Pro Glu 


gac ace 
Asp Thr 

gtt atg 
Val Met 

ctg ace 
Leu Thr 
380 
act get 
Thr Ala 
395 

ate gtt 
He Val 


act gtt 
Thr Val 
350 
gag ccg 
Glu Pro 
365 

aac get 
Asn Ala 

aac aaa 
Asn Lys 

act tac 
Thr Tyr 


ace tct 
Thr Ser 

ctg get 
Leu Ala 

tea ggc 
Ser Gly 

gcg ggc 
Ala Gly 
320 
gtg gtt 
Val Val 
335 

ace atg 
Thr Met 


gac tgc 
Asp Cys 

gtg aag 
Val Lys 
290 
cca egt 
Pro Arg 
305 

tct tec 
Ser Ser 

aac cag 
Asn Gin 

gea gca 
Ala Ala 


ggc get tat gtt 
Gly Ala Tyr Val 
275 

atg tec aaa ate 
Met Ser Lys He 


gtc att 
Val He 

tgc tac 
Cys Tyr 

gaa gtg 
Glu Val 
400 
ctg aac 
Leu Asn 


ggc cag 
Gly Gin 
370 
aac ctg 
Asn Leu 
385 

tgc gaa 
Cys Glu 

ccg tte 
Pro Phe 


gee ggc 
Ala Gly 

ate atg 
He Met 

gta tgc 
Val Cys 
340 
gaa gca 
Glu Ala 
355 

gee atg 
Ala Met 


ctg aac 
Leu Asn 
310 
cca get 
Pro Ala 
325 

tte aaa 
Phe Lys 

ggt cag 
Gly Gin 

tte gaa 
Phe Glu 


ctg gaa aaa tgc 
Leu Glu Lys Cys 
390 

ggt tac gtt tac 
Gly Tyr Val Tyr 
405 

ate ggt cac cac 
He Gly His His 


atg gtt 
Met Val 
280 
tgt aac 
Cys Asn 
295 

gag ate 
Glu He 

aaa gta 
Lys Val 

gtc ate 
Val He 

ctg cag 
Leu Gin 
360 
tec gtt 
Ser Val 
375 

att aac 
I le Asn 


930 


978 


aac tet 
Asn Ser 

aac ggt 
Asn Gly 


1026 


1074 


n22 


1170 


1218 


1266 


1314 


1362 
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410 415 420 

5 gac ate gtg ggt aaa ate tgt gcc gaa acc ggt aag agt gta cgt gaa 1410 

Asp lie Val Gly Lys He Cys Ala Glu Thr Gly Lys Ser Val Arg Glu 
425 430 435 440 

gtc gtt ctg gaa cgc ggt ctg tig act gaa gcg gaa ctt gac gat att 1458 
Val Val Leu Glu Arg Gly Leu Leu Thr Glu Ala Glu Leu Asp Asp lie 
445 450 455 

15 

ttc tec gta cag aat ctg atg cac ccg get tac aaa gca aaa cgc tat 
Phe Ser Val Gin Asn Leu Met His Pro Ala Tyr Lys Ala Lys Arg Tyr 
20 460 465 470 

act gat gaa age gaa cag taatcgtaca gggtagtaca aataaaaaag 
Thr Asp Glu Ser Glu Gin 

25 

475 

gcacgtcaga igacgtgcc 


30 


<210> 2 
<211> 20 
^ <212> DNA 


40 


SO 


55 


<2L3> Artificial Sequence 


<220> 

<223> Description of Artificial Sequence: Designed 
45 oligonucleotide based on aspartase gene derived 

from Escherichia coli K-12 


<400> 2 

ggalaatcgt cggtcgaaaa 


1506 


1554' 


1573 


20 


23 
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<210> 3 
<21l> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Designed 

oligonucleotide based on aspartase gene derived 
from Escherichia coli K-12 


<400> 3 

19 

cgtcatctga cgtgccttt 


[SEQUENCE LISTING FREE TEXT] 

SEQ ID NO: 1: cDNA to the mRNA of an FsrhPrirhlfl CQli K- 

12 -derived aspartase gene. 

SEQ ID NOS: 2 and 3 : Oligonucleotide designed based on the 
sequence of an F-srhf-ri rhi.a xioJLi K-12-derived aspartase gene. 


Claims 

1 . A method tor producing L-aspartic acid comprising; 

treating an ammonium fumarate solution with aspartase to generate an ammonium L-aspartate solution; 

adding fumaric acid to said solution; and 

then crystallizing L-aspartic acid from said solution, 

force, and then L-aspartic acid is deposited therefrom. 

2 The method according to claim 1 , whereir, the temperature of resultant suspension ^^^^'^^^^^ ^''^ 
lysti is in the range from 26 to 100"C when the deposited L-aspartic acid is separated therefrom. 

3. The method according to claim 1 , whoroin said homogeneous solution is retained at 50 to 1 30 'C for 0.1 second 

to 1 hour. 
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10 


15 


20 


tate solution are mixed continuously, 
to thereby deposit L-aspartic acid. 

for L-aspartic acid crystallization or removing the condensed water. 

the solution to be cooled begins to boil. 
8 The r^ethod according to claim 1 , wherein the crystalling step is per.or.ed by a continuous method. 

from which L-aspartic acid crystals have been removed. 
10 A method for producing L-aspartic acid comprising: 

treating an ammonium fumarate solution ,.th aspartaso to gene.te an ammonium L-aspartate solution; 

adding fumaric acid to said solution; and 
25 then crystallizing L-aspartic acid from said solution, 

, M . - r«.P nf n 1 -5°C /min from the temperature at which fumaric acid is added thereto 

:zrrr;rr^;— ^^^^^^ 

solution. 

for L aspaSic acid crystallization or removing the condensed water 

the solution to be cooled begins to boil. 
„r..^ a,«o«9 10 «i™ >0, «r* . a„™n,u» — Is p-.pa.ad „o™ a ™« „.o, 

■ horn which L-aspartic acid crystals have been removed. 
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